Abstract This study examined the biological functions of the butanol extracts of green pine cones (GPCs) that had not ripened completely. The butanol extracts of GPC showed 78.22% DPPH-scavenging activity, 53.55% TEAC and 71.50% hyaluronidase (HAase) inhibition activity. They also exhibited inhibition activity against food poisoning microorganisms. The contents of total phenolic compounds and total flavonoids were 296.75 and 26.07 mg/g, respectively. Biologically active compounds were analyzed and separated using HPLC related to the DPPH-scavenging and HAase inhibition activities. Gallotannin was the primary biologically active compound with DPPH-scavenging and HAase inhibition activities in the GPC butanol extracts.
Introduction
An inflammatory response can occur as reaction to any type of injured tissue, pathogen or damaged cell that is accompanied by swelling, release of blood vessels, and fluid extravasation (Ferrero-Miliani et al., 2007) . This process is self-limiting under normal conditions. On the other hand, some chronic inflammatory diseases can sustain the inflammatory process. Hyaluronan, which is bound to proteoglycans, is a common polymer in the tissue. Initiating the host responses to a tissue injury, a hyaluronan fragment is produced by a non-enzymatic reaction, and hyaluronidase (HAase), which depolymerizes polymeric hyaluronic acid (HA) in the extracellular matrix to produce HA oligosaccharides, is associated with the biological properties, such as wound healing, cancer metastasis, and inflammation (Bertolami and Donoff, 1978; Borchard et al., 2010; Laurent and Fraser, 1992; Meyer, 1947) .
As the average life expectancy has increased, diverse diseases in adults, such as cancer and ageing, have attracted considerable research attention in recent years. One of causes of these diseases is 'free radicals', such as reactive oxygen species, from the cellular metabolism (Devasagayam et al., 2004) . Reactive oxygen species (ROS), including peroxides, superoxide, hydroxyl radicals, and singlet oxygen, have high chemical activity. They are produced naturally in the body and are utilized in the protective mechanism of the signaling pathways in the cellular function (Muller et al., 2007) . On the other hand, the accumulation of ROS causes damage to proteins, lipid oxidation, and mitochondrial DNA associated with the cell structure. Some studies have reported that free radicals are associated with cancer, cardiovascular diseases, neurodegenerative disorders, such as Alzheimer's disease, and diabetes (Allan, 2002; Chopra et al., 1996; Kovacic and Jacintho, 2001; Lipinski, 2001) .
Pinus densiflora belongs to the Pinaceae family, which is a wild indeciduate conifer that is widespread in Manju, Japan and Korea. This species is called the Korean red pine because of its red trunk (Korea National Arboretum). All parts of P. densiflora, such as pine needles, pine pollen, resin, bark, and pine cone, have been used in Chinese and traditional medicine. Pine cones consist of terpenes, such as a-pinene and b-pinene, flavonoids, and phenolic compounds (Jang et al., 2016; Kuk et al., 1997) . These compounds have been reported to primarily show antioxidant activity, inhibitory effects on oxidative DNA damage, and anti-melanogenic activity from the organic solvent fraction (Jang et al., 2016; Lee et al., 2016) . In addition, the antibacterial effects of the essential oils in pine cone, and the purified aqueous extract of the immature cones of P. densiflora have been studied (Jeong et al., 2014; Kalemba and Kunicka, 2003) .
This study examined the biological functions of green pine cones (GPCs) which were unripened pine cones with the spindle-shaped dimension (5.87 9 3.04 cm; average of 7 GPC) and were collected in July and August. The bioactive compounds were analyzed to determine the antioxidant, anti-inflammatory and antimicrobial properties.
Materials and methods

Sample preparation
The green pine cones (GPCs) used in this experiment were obtained from Mount Muchuk, Gimhae, Korea in July and August. The gathered GPC were washed with tap water and cut in half. The GPCs were then freeze-dried and stored at -18°C until further analysis.
Organic solvent fractions
The freeze-dried GPC (10 g) was ground to a powder with a size of 100 mesh. The methanol (MeOH) extracts of GPC were prepared with 200 mL of 80% MeOH (v/v) for 12 h (repeated three times) in a shaking incubator (VS-8480; Vision Scientific, Bucheon, Korea) at 200 rpm. After filtration using Whatman No. 2 filter paper (Whatman, Brentford, UK), the filtrate was evaporated at 35°C under reduced pressure. The material was then freeze-dried. The MeOH extracts (10 g) were dissolved in distilled water (200 mL) and partitioned sequentially with hexane, ethyl acetate (EtOAc), and n-butanol (BuOH), three times each. The all fractions were stored at -18°C until needed.
Strains and culture condition of microorganism
The Bacillus cereus (KCTC 1012), Staphylococcus aureus (KCTC 1928), Escherichia coli (KCTC 2593), Salmonella enterica subsp. enterica serovar Typhimurium (KCTC 1925; S. Typhimurium hereafter) microorganisms were purchased from Korean Collection for Type Cultures (KCTC) for the antibacterial test. To cultivate the bacteria, a medium was prepared under suitable culture conditions using an incubator (Jisico Co., Ltd., Seoul, Korea). Nutrient broth (Difco Laboratories, Detroit, Mich) and agar powder (Junsei Chemical Co., Ltd., Tokyo, Japan) were prepared. While cultivating the liquid culture medium in a shaking incubator, 14 mL of polypropylene round-bottomed tubes (BD Biosicences, San Joes, CA, USA) was used.
DPPH-scavenging activity
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay of the organic solvent extracts of GPC was performed using a slight modification of the method reported by Blois (1958) . A series of the dilutions of each extract in DMSO was dissolved in water. A 60 lM DPPH solution was prepared in 95% ethanol and filtered through filter paper (Whatman No. 2) . A mixture of 100 lL of the 60 lM DPPH solution and 100 lL of the diluted sample solution was incubated at room temperature for 30 min in the dark and shaken before measuring the decrease in absorbance at 540 nm. The inhibition ratio was calculated by the percentage of the absorbance values of the control and samples.
Trolox equivalent antioxidant activity (TEAC)
The total antioxidant activity was measured by the Trolox equivalent antioxidant capacity, i.e., an ABTS (2,2 0 -azonobis-3-ethylbenzthiazoline-6-sulphonate) decolorization assay (Roberata et al., 1999 ). An ABTS radical cation solution was prepared from a reaction of 7 mM ABTS dissolved in distilled water with 2.45 mM potassium persulfate at room temperature for 12 h in the dark. The solution was diluted with 5 mM PBS (pH 7.4) and adjusted to an absorbance of 0.70 ± 0.02 at 734 nm. Mixtures of 990 lL of a dilution solution and 10 lL of a sample reacted for 6 min was measured at 734 nm. The ability to scavenging the ABTS radical was calculated as a percentage of the absorbance of the control and samples.
Total phenolic compounds
The total polyphenol contents were conducted using the modified Folin-Ciocalteu method (Kumaran and Karunakaran, 2007) . A 50 lL sample was mixed with 500 lL of distilled water and 100 lL of Folin-Ciocalteu's phenol reagent and left to stand for 3 min in the dark. Subsequently, 100 lL of 10% NaNO 3 and 350 lL of distilled water was added with mixtures of the sample and allowed to stand at room temperature for 1 h in the dark. The absorbance at 725 nm was measured. A standard curve was produced to measure the different concentrations of caffeic acid (CAE) to obtain the total polyphenol contents.
Total flavonoid contents
The total flavonoid contents were measured using the modified Davis method (Xu et al., 2010) . A 100 lL sample was mixed with 1000 lL of 90% diethylene glycol with strong vortex motion. Subsequently, a 1 N sodium hydroxide solution was added to each sample tube and incubated at 37°C for 1 h. The absorbance at 420 nm was measured. A standard curve was prepared to measure the different concentrations of naringin (NAE), which represents the flavonoid compounds.
Hyaluronidase (HAase) inhibition assay
The hyaluronidase (HAase) inhibition activity was measured using the Morgan-Elson method (Elson and Morgan, 1933 ) through a colorimetric method measuring the quantity of N-acetylglucosamine generated from sodium hyaluronate. Each solvent extract dissolved in DMSO (100 mg/mL) was used and diluted with 0.1 M sodium acetate buffer (pH 3.5) for the test. A 12 lL sample diluted with 0.1 M sodium acetate and 12 lL of HAase (10 mg/ mL) was mixed and incubated in a water bath at 37°C for 20 min. To activate the HAase, 12 lL of 12.5 mM calcium chloride was added and incubated at 37°C for 20 min. Subsequently, 24 lL of sodium hyaluronate (6 mg/mL) was reacted with a mixture of the sample at 37°C for 40 min. Both HAase and sodium hyaluronate are soluble in 0.1 M sodium acetate buffer. After incubation, 12 lL of 0.4 N potassium tetraborate and 0.4 N NaOH were added to quench the HAase reactions.
To completely terminate the HAase activity, they were placed in boiling water for 3 min and on ice. Finally, 360 lL of a DMAB solution (0.4 g of p-dimethylaminobenzaldehyde reagent in 35 mL of glacial acetic acid and 5 mL of 10 N HCl) was added to the reaction mixture with a vortex, placed in an incubating water bath of 37°C for 20 min. All the tubes in the test were measured using a microplate reader (Tecan Sunrise, Tecan, Hombrechtikon, Switzerland) at 540 nm after the centrifugal steps for a few seconds. The percentage of the HAase inhibition activity was determined using the following equation:
Disc diffusion test
The antimicrobial activity was measured using the paper disc-agar plate method (De Beer and Sherwood, 1945) . The paper-disc agar-plate method was used to assay the antibiotic substances. Microorganisms that had been subcultured three times were incubated for 12-24 h in the selected liquid broth. The number of microorganisms adjusted to a measured absorbance of 0.1 at 600 nm was spread evenly over the plates. Autoclaved paper discs, approximately 8 mm in diameter (ADVANTEC Toyo Roshi Kaisha., Ltd., Tokyo, Japan), were placed on the agar plates and 50 lL of the sample dissolved in DMSO was loaded on the disc. The plates were incubated at 37°C for 24 h and the diameter of each clear zone was observed.
HPLC coupled with PDA
High performance liquid chromatography (HPLC) was used to separate and identify the functional compounds in the GPC extracts. A HPLC system (iLC3000, Interface Engineering Co., Ltd., Seoul, Korea) with a photodiode array detector (PDA) was used. Chromatographic separation was carried out using a YMC-Triart C18 (4.6 9 250 mm, 5 lm) column from YMC (YMC Co., Ltd., Kyoto, Japan). The mobile phase consisted of 0.1% formic acid in water (Solvent A) and acetonitrile (Solvent B) . To analyze the BuOH fraction, gradient conditions were as follows: 0-20 min 10 ? 20% B, 20-40 min 20 ? 100% B, 40-60 min 100% B, and total run time 60 min. The column was equilibrated for 10 min prior to analysis at room temperature. The flow rate was 1.0 mL/ min and 20 lL of the sample was injected. The compounds separated by chromatography was detected by PDA (S 3210, BMS Co., Ltd., Seoul, Korea). Data acquisition and preprocessing was performed using Clarity TM chromatography software (DataApex, Prague, The Czech Republic). Extracts of the analysis were dissolved in MeOH and filtered through a 0.45 lm syringe filter.
Isolation of active compounds of preparative HPLC
Multiple preparative HPLC (LC-forte/R, YMC Co., Kyoto, Japan) was used to fraction the functional compounds in the BuOH fraction. This was carried out using a YMCTriart Prep C18-S (250 9 10.0 mm, 10 lm; YMC Co., Ltd., Kyoto, Japan). The mobile phase consisted of acetonitrile (Solvent A) and 0.1% formic acid in water (Solvent B) . The gradient conditions of the BuOH fraction were as follows: 0-15 min 10 ? 20% A, 15-25 min 20 ? 30% A, 25-40 min 30% A, and 40-50 min 30 ? 100% A. In the case of EtOAC fraction, the gradient conditions were as follows: 0-10 min 20% A, 10-30 min 20 ? 40% A, 30-40 min 40 ? 100% A, and 40-60 min 100% A. The column was equilibrated for 10 min before each analysis at room temperature. The flow rate was 4.7 mL/min and 100 lL of the sample was injected.
LC-MS analysis
Liquid chromatograph was carried out using ACQUITY UPLC BEH C 18 (2.1 9 100 mm, 1.7 lm) column (Waters, Milford, MA, USA). Mass spectrometric detection was performed using an Agilent 1290 Infinity HPLC system (Agilent Technologies, Waldbronn, Germany), which was coupled to a hybrid quadrupole time-of-flight (Q-TOF) mass spectrometer (TripleTOF 4600; AB Sciex Pte. Ltd., Framingham, MA, USA). Source parameters were gas temperature 300°C, gas flow 9 L/min, nebulizer pressure 45 psig, sheath gas temperature 350°C, sheath gas flow 11 L/min, and negative mode ([M-H] -ions). Scan Source parameters were VCap 4000 V and fragmentor voltage 175 V.
Statistical analysis
The experimental data were analyzed statistically by oneway analysis of variance (ANOVA) of SPSS for Windows ver. 18.0 software (SPSS Inc., Chicago, IL, USA). The mean ± standard deviation (SD) was measured using a Duncan's multiple range test, and p values \ 0.05 were considered significant.
Results and discussion
Green pine cone (GPC) extracts
Organic solvent extraction was introduced to examine the various biological activities of GPC. Initially, 80% MeOH extracts were partitioned sequentially in hexane, EtOAC, BuOH, and water fractions. This allowed the separation of hydrophobic compounds and hydrophilic compounds. The yields of the 80% MeOH extract was 38-65%. The extraction yields of hexane, EtOAc, BuOH, and water were 8.30, 11.28, 27.18, and 33.70%, respectively. The extraction yield of GPC was higher in the hydrophilic compounds than the hydrophobic compounds.
Biological activities of GPC
Antioxidant activity
An antioxidant is a free radical scavenger that indicates the antioxidant activity in plants and human aging. The antioxidant activities of GPC were measured using the DPPH radical scavenging activity and the TEAC. As shown in Table 1 , the hexane, EtOAc, BuOH, and water extracts showed 43.34, 70.19, 78.22, and 42.07% DPPH radical scavenging activity. The BuOH extracts had the highest radical scavenging activity, which was similar to the results for Rubus coreanus Miquel and Suaeda japonica (Cho et al., 2008; Choi et al., 2009 ). The TEAC is measured by suppressing or eliminating the ABTS radical and is applicable to measurements of lipophilic or hydrophilic antioxidant compounds (Roberata et al., 1999) . Similarly, the results of DPPH-scavenging, and BuOH fractions also showed significantly higher antioxidant activity than the other extracts under a concentration of 10 lg/mL.
Hyaluronidase (HAase) inhibition assay
The HAase inhibition activity of the organic solvent extracts of GPC were evaluated at a concentration of 1 mg/ mL. As listed in Table 1 , the BuOH extracts of GPC showed the highest HAase inhibition, 71.50%, whereas the water extracts of GPC showed the lowest HAase inhibition, 8.45%. HAase is involved in inflammation, cancer metastasis, and permeability of the vascular system. Therefore, modulation of HAase inhibition will be useful for maintaining the normal homeostasis in the body (Girish and Kemparaju, 2007; Vincent and Lenormand, 2009 ). Accordingly, an evaluation of HAase inhibition could be considered a useful method for identifying the anti-inflammatory activity during the screening of biological active compounds.
Antimicrobial activity
The antimicrobial effects of organic solvent extracts were examined using the paper disc diffusion test. The BuOH extracts were more effective in indicating the clear zones than the other organic solvent extracts ( Table 2 ). The maximal inhibitory zones for B. cereus of the BuOH, water, 80% MeOH extracts, EtOAc, and hexane fractions were 15.7, 13.0, 13.2, 11.7, and 9.8 mm at 10 mg/disc, respectively. Growth inhibitions against Staphylococcus aureus as the same gram (?) bacteria of the BuOH, EtOAc, 80% MeOH, water, and hexane fractions were 14.1, 13.7, 13.2, 10.3, and 9.5 mm at 10 mg/disc, respectively. In the gram (-) bacteria, the maximal inhibitory zones for S. Typhimurium of the BuOH, 80% MeOH, water, EtOAc, and hexane fractions were 21.3, 17.8, 17.2, and 15.8 mm at 10 mg/disc, respectively. The BuOH fraction had significantly different activity from the other fractions, but the hexane fraction with a lower growth inhibitor was evaluated by the numerical values. In the case of E. coli, the BuOH fraction also showed higher effectiveness, followed by the water and 80% MeOH extracts: 16.8, 12.1, and 11.3 mm at 10 mg/disc, respectively. This could be explained by the association with hydrophilic compounds, which have potential antimicrobial activities.
Total phenolic compounds and flavonoid contents
The BuOH and EtOAc extracts of GPC showed higher biological activities, such antioxidant, anti-inflammatory, and antimicrobial activities, among the organic solvents extracts. In these situations, phenolic and/or flavonoid compounds could be candidates for the biological activity of GPC. As shown in Table 3 , the total phenolic compounds in the BuOH extract had higher contents of 296.75 mg/g CAE than the other extracts, showing 237.86 and 222.86 mg/g CAE in the hexane and EtOAc extracts, respectively. In the case of the total flavonoid contents, the EtOAc fraction had a higher NAE content of 44.32 mg/g. The 80% MeOH, BuOH, and water extracts were 30.98, 26.07, and 17.12 mg/g NAE, respectively. On the other hand, flavonoid compounds were not detected in the hexane extract. The phenolic compounds and flavonoids of the fruit, vegetables and plant extracts were reported to have free radical scavenging activity (Kähkönen et al., 1999; Paganga et al., 1999; Saint-Cricq et al., 1999) . Various tree materials are notable sources (Strack et al., 1989) . In this experiment, the phenolic compounds of the BuOH extract accounted for approximately 30% of the entire GPC BuOH extract and significantly affect the antioxidant activity, such as DPPH scavenging and TEAC. 
Isolation and identification of functional compounds
To separate the bioactive compounds, preparative HPLC was introduced to the GPC BuOH extract [ Fig. 1(A) ]. Four major fractions were separated and their biological activities were analyzed. The HAase inhibition activity of the B3 and B4 fractions among the four fractions (B1-B4) showed 95.95 and 90.56%, and 83.75 and 70.75% inhibition, respectively, at 1 and 0.5 mg/mL (Table 4 ). In the case of the DPPH radical scavenging activity, the antioxidant activity of the fractions were in the order of B4, B3, B2, and B1: 94.38, 58.43, 29.78 , and 8.15%, respectively (Table 4 ). The B4 fraction showed the highest biological properties, such as anti-inflammatory and antioxidant activity among the four fractions. As shown in Fig. 1(B) , B4 fraction showed similar absorption pattern and retention time with gallotannin standard. In addition, the anti-inflammatory and antioxidant activity of the B4 fraction corresponded to gallotannin, as shown in Table 4 . According to LC-MS analysis, three peaks were observed in B4 fraction and their MS spectra showed major ion peaks at m/z 483.2 and 493.2 [ Fig. 1(C, D) ]. These ion peaks were were identified as digalloyl hexose and caffeoyl-O-hexo-galloyl moiety which could be found in fragmentation pathway of gallotannin (Sobeh et al., 2016) . The most common condensed tannins occurring in plant tissues are procyanidins, which are derived from catechin or epicatechin and may contain gallic acid esters (Kähkö-nen et al., 1999) . Condensed tannins can interact with biological systems through the induction of some physiological effects, such as antioxidant, anti-allergy, anti-hypertensive, and antimicrobial activities (Karonen et al., 2004) . These compounds are enriched in pine bark, Pinus koraiensis pinecones, and grape seed extracts (Romani et al., 2006; Santos-Buelga and Scalbert, 2000) . Based on the above results, the BuOH extract from green pine cone of Pinus densiflora possess various biological activities, such as antioxidant, anti-inflammatory, and antimicrobial activity for the functional compounds of interest. In addition, the major candidate for these interests could be tannin-related compounds.
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